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BURN MORTALITY STUDY QF 1831 PATIENTC
by
Yiax S, Rittenbury, M.D., Rhcda W, Maddox, B.5., Fred i, Schmidt, M.S.*
William T. dam, Jr., Ph.D. and Boyd W, Haynes, Jr., #.D,

The case records of 1831 patients who were consecutively treated
on the Burn Unit at the Medical College of Virginia from 1%49 through
1962 are presently undergoing an extensive statistical review, The
purpose of this report is to present the results of a nrobit analysis
of these records relating the age of the patient and the extent of the
body surface area that was burned to the mortality rate., Weidenfeld
(11) showed over 60 years ago that the prognosis for the survival of

burn patients could be related to both the extent of the burn and the
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age of the patients, but it remained for Bull and Squire (2), and later .

Bull and Fisher (3), to define this relationship more fully by using
the probit transformation of their mortality data to convert it into
linear form and to improve the goodness of fit, This same method has
since been used to report their mortality data by other authors (1,7),
the most recent report being that by Pruitt et al of a study of a
large series of patients (1100) treated at the Army Surgical Research

Unit, Brooke Army Hospital (9).

From the Departments of Surgery and Biophysics, and the Strauss
Surgical Research Laboratories, Medical Coilege of Virginia, 1200
Last Broad Street, Richmoud 1Y, Virginia,

*Present address - Department of pBiometry, Emory University,
School of Medicine, Atlanta, Ceorgia.

Funds from these studies were made available from the Department
of Surcery Research and Developuent Funds; the National Institutes
of Heaith; Research Crant FRUOU16-0¢? supporting the Clinical Computer
Center at this institution; and the Defense Atomic Support Agency

Contract #DA~4Y=-100-XLi=423.
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Material and Methods

The Burn Unit nf the Medical Coilege of Virginia is responsible
for the care of all patients admitted to this institution with thermal
injuries. Most of the patients are from Richmond or are referred from
the surrounding urban areas., One thousand and forty-nine of the
patients whose records are being reviewed were admitted within less
than five hours after they had sustained their injury, and only 7% of
the patients were referred from ancther hospital where sowe form of
primary treatment had been given,

Until 1956 most of the patients were treated using a "closzd"
method of wound care, but since 1953 most of the burn wounds have been
treated by using an "open” method., At the present time the patients
are taken to the Burn Unit dressing room immediately after ciiey are
brought to the hospital. Here the extent of the injury is determined
and expressed as the percentage of the body surface area invoived by
both second and third degree burns, and inmediate resuscitative therapy
is started, This includes administering intravenous {luids (modified
Evar's formula), tetanus toxoid or anti~serum, und prophylactic anti-
biotics, and cleaning and debridirg the burn wound, ‘hese resusciltative
principles have been unchanged during the tlme covere: bv this study,

Systemic infections continue to be treated with the "aprmopriate”
antibiotic as determined by in vitio bacterial cultuve and sensitivily
tests, Every effort is made to obtain e clean bu.u wound ready for
grafting at the earliest pessible monent. Aa iacresing number of
selected wounds are being treated by primary excision and grarting.

The record of each patient was abstrvacteo at the tiuwe o, their dis-

charge (either from the ‘wospital « t ¢ Cut-prti at linic), and the
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information was placed on an IBM Source Document designed by Drx., E. I,

Evans' co-workers fallowing his death, This information was then
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performed by the Clinical Computer Center., All of the patients dying
with a thermal injury have been included, although a certain aumber of
them probably died due to associaied injuries.

The relationship between the extent of the body surface area that
was burred, the age of the patient, the raice and sex of tne patient,
and the patient's time of entry into the hospital te the mortality rate
has been determined using both standard statistical methods and the

probit analysis described by Finney. (4,5)

Results

Table 1 summarizes the :otal patient data, The patients are
diviled into groups accordiag to the percent of the total body surface
area involved by second and third degree burns and their age. These
groups are comparable to those used by Bull and Fisher except for
dividing their 0-14 yeaw-old group into 0U-4 years and 5-14 year-old
groups, and their 15-4+ year-old group into 15-3Y and 40-44 year-old
groups, The younger - ge group was subdivided because other authors
have reported that the mortality wes higher in the U-4 year-old patients
than in the 5-14 year-old patients. The 15-44 year-old patients were
subdivided as shown because a preliminarv stuay of the effect ot age
(10) that was made using another analytical technique haua shown a
change in the effect of age on mortality at the age of 4u years. The
number of patients dying and the percent mortality is shown for each
group. .

Three hundred and sixty-nine of the patients dieu, giving an
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overall mortality rate of 20,15%. The mortality rate increased both
with the patient's iage and the percentage of the total body surface
area that was burned., No patients survived with a burn invelving

more than 85X of the total body surface area, andAcnly 9 patients sur-
vived with a total body surface area burn of 55% or greater. The 15

to 39 year-old patients were the most tolerant of the severe burns, The
mortality rate was very low for patients less than 45 years of ag; with
25% or less of thei; body surface area burned, but it became appreciable
in older patients with the same amount of burn. As reported by Moyer
(8), these older patients tolerated a burn wound very poorly, and none
of ‘the patients 65 years of age or older lived with a burn greater

than 25% of the total body surface area. Eighteen percent of this oldest
group of patients with 0-4% body burns died.

The data was next subjected to the probit transformation noted
earlier, and the overall results of this analysis are shown in Figure 1.
In this figure the &éshed line represents a rough plot of the mortality
rate plotted against the percent of the total body surface area that
was burned., The solid sigmoid curve shows the "smoothed,” data and the
straight line shows the probit transformation of the sigmoid curve,

The probit values are given on the right ordinate. The percentage
mortality and the probit scale are not linearly related because of the
differences in their true values., Thus a probit value of 5.0 repre-
sents a mortality rate of 50%, but probit values of 3,0 ana 7.0 respec~
tively represent mortality rates of 27 and 964, The use of this
transformation makes it more convenient to fit the straipht line to
this raw data by the method of least squares in order to obtain an

accurate equation to express {ts slepe. This equation in turn can
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then be used both to verify the fit of other data and to predict the
mortality for a given area of burn,

The mortality probit lines for the different age groups of
patients are shown in Figure 2, The slope of each line renresents
the tolerance of that group of patients to the burn injury. It is
obvious that the 15 to 39 year-olu age group tolerzte the burn some-
what better than any of the other groups, and the 65+ year~old age
group show the least tolerance.

It is frequently very difficult or impossible to delineate areas
of second degree burn from those with third degree injuries, and it
is also very difficult to separate their different effects upon the
patient. The role of infection in converting areas of deep second-
degree injury into full-thickness injuries is also of importance (6),
and, as yet, there is no data available on whether or not the "converted"
full-thickness injury has a different effect upon mortality. Most
patients have a combination of these two types of burns. Five hundred
and twenty-four of the 1831 patients studied had no areas of third
degree burn, and only 10, or 1,98% died. The causes of death in these
patients with second degree burns were delerium‘tremens in one patient
with a 2% surface area burn; a respiratory smoke buria in one 51 year-
old natient who dJdied less than 24 hours following admission; nneumonia
and acute myocardial failure in an 86 year-old man who had a 44 surface
burn and a body temnerature of 79 degree ¥, on adnission; aspiration
from a feeding tube in a 3 year-olu clild with a 31% bouy burn, and
bronchopneuncnia and sensis in 39 and 75 vear-ola males with 454 and

467 deep second dewree burns réspeccively. 1he causes of dgeath in the
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remaining 4 patients could not be ceterminea.

As reported earlier (10) this low mortality rate associated with
a partial thickness hurn is striking, and therefore the mertality data
for the patients witn any amount of third degree burn anas been deter—
nmined and is presented in Table 2, The patient groupings are the
same as those used in Table 1, but the degree of the surface areu burn
refers to the extent of the third degree burn and not to the total
body surface area burn. The two groups of patients aged 5~14 and
40~44 with the smaller third degree burns were the only ones with no
mortality, If this table is compared to Table 1 it is obvious that
the mortality rate increased for each of the groups, ana the total
overall mortality rose to 27,54, The mortality rates were very high
when the avea of third degree burn was greater than 25% for the 0-44
year-old age groups, greater than 15% for the 45-64 year-old age groups,
and more than 5% for the 65+ year-old age group, Only one patient older
than 40 years of age survived a third degree burn wound of greater
than 24%.

The severity of “this type of wound is again illustrated i~ I'igure
3, showing the mortality probit lines for the mzjor age groups. All
of the lines are shifted to the left, ard the lines for the 2 older
age groups are steeper than those calculated on the basis of the total
body surface area burn.

The equations for the mortality probit lines c¢own in Figures 2
and 3 and the calculated LAgy values* for bLoth ti.c amount of total

*The percentage of the total budy surface arce tiat produies 2
50% mortality rate when involved by a therral injvrv,
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body surface area burn and the amount of thira derree vurn for tae
different age proups are given in Lable 3. The Lag, values for the
U-4 year-old ajge group are lower than those for tune >-14 vear-olc
age group, but tne difference in these values is not statistically
different at the P>,05 level, (5) The effect of the are is nore apparent
when the LAsy value for the patients in the 15-3Y year-old ace group
is compared to that for the 4U-44 year-old age group. The LAg;, value
for the total bodv surface area burn is 46,2%Z (95% configence limit
range 41-33%) for the 15-39 year-old age group, “ut tnis falls to
38.3% for the 40-44 year-old age group. There were too few patients
in the latter grcup to calculate ueaningful statistical differences
however. The difference in the LAgg values is even greater for the
patients in this age group with third degree burns., As expected the
LAgy values decrease for the older patients. The total body surface
area burn LAgy value range (95% confidence limits) for the 4U-64 year-
old age group is 24-40%, and for the 45-64 vear-old group 23-38%,
again illustrating that the patients between the ages of 4U-44 years
tolerate the burn wound in a manner similar to that shown by the
older patients. It is notable that the differeuce between the LAy
values for both types of burn wounds in the 65+ age group is less than
for the vounger age groups, suggesting that other factors assume a
relatively more important role in this group of patients., Despite the
facts that the LAg, values for the percent of the body surface area
involved by third degree burns were lower, and taat patients with
second degree injuries had a very low mortalityv rate, the subsequent
data that will be presented is based on the percentagre figpure of the
total body surface area burn-’ because vrevious authors have calculateu

their data on the sare basis.
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Flgure 4 shows the mortality probit lines for the 0-4 and 5-14
year~old age groups with their overlaping 95% confidence limit lines,
again showing that the response of these two age groups to the burn
injury is similar, Figure 5 shows the lines for the 15-39 ana 50-44
age groups. This again illustrates the changing tolerance to tie
burn wound that occurs at the age of 40 years. As noted earlier
another analytical method (discriminate function analysis) has
also been used to determine the effect of age upon mortality, and
the same effect was apparent (10).

Equal mortality contours have been constructed from the mortality
rates, and they are shown in Figure 6, The age in years is shown'on
the abscissa and the percent of the total body surface area that was
burned is on the ordinate., Thirty year-old patients with a 50%
total body surface area burn would therefore be expected to have a
mortality rate of approximately 657, but the same burn in 10 year-
old patients would have a mortality rate of approximately 754, This
effect was not shown for the younger age groups in the data presented
by Bull and Fisher, but it was present in the data nresented by
Winterscheid and Mereadino (12) and also Pruitt et al. (9)

Figure 7 is the mortality grid constructed from the mortality
curves shown in Figure 6., Finer divisions for both the age of the
patient and the percent of the total body surface area that was burned
are used., The numbers ir this grid zre approximations only, ana
some of the patients with a valae of U would die wnile an occasional
patient with a vilue of 1 would survive. This grid differs from that
of Bull and Fisher because it shows a decreased survival in the younger

age group althougl, as noted above, ti.e Jifference is ot stutistically
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significant, It is otherwise remarkably similar to theirs.

Effecl of Race aud Sex

Seven hundred and ninety~-seven (43.5%) of the patients were
Caucasians, and 1042 (56.,9%) of the patients were males. An effort
was made to determine whether or not the race and/or sex of the
patients had a significaut effect upon the mortality rates, The
results are summarized in Table &4, with the patients divided
according to their race, sex, and age, If the total numbers of
Caucasian patients are compared to the total number of Negro patients,
there is a significant difference in their mortality rates (p<.001) ,**
but there is no significant difference in the overall mortality rates
according to the sex of the patients, disregarding race,

The data in Table 4 shows that the overall mortality rate for
the male patients in any age group except for U-4 year-old Caucasian
females was less than that for the other patient classifications. In
the U-14 year-old age groups it is significantly lower than the mortality
rate for the Negro females in the same age groups. The Caucasian
females have the highest mo.. 1ty rates when the other age groups
are compared however,

The relationships between the effect of race and sex of the
patiént on mortality are best shown by the probit lines for the over-
all mortality rates for these patients depicted in Figure 8 and the

LAs values for each of the age groups shown in Table 5. The numerical

**fest for significance of difference in proportions.
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wvalue fbr»théi95Z»gonfidénce,iimits for the Caucasian male LAsq value
is 39 to 56%;.§1de1§ dveflaping the same valies for the Caucasian : f; -
female, the iéttgt being 33 to 50%. This is also shown in Figure 8
where the suggrimposed confidence limits for the Caucasian male
probit line»é;compass the probit line for the Caucasian female; The
respective Liso 95% confidence limits for the probit liné for the HFegro
females'aréiéo to 43%, aad for the Négro males 31 to 4U%. Although
there is -some overlaping of these limits (and these are mnot shown in
Figuré 8} the mean LAgp values of these patients are staéistically
different from those of the Caucasian male patients (5). A statistical
comparison of the values shown in Table 5 for the different age groups
shows that the WNegro female LAg, value is statistically significantly
lower than that of thg Caucasian male in the 0 to 14 year-old age
groups, There is no significant difference in values for the other

age groupé (5).

There is insufficient data to determine wihy this racial difference
exists, although the lower socio-economic status of the Hegro patient
in the population from which these patients were taken may well be
sufficient in itself to explain this difference,

Mortality rates bv Postburn Time of Admission

The effect of the time of admission to the hospital after tne
patient is burned upon the mortality rate is sho'n ir Tables 6, 7 and
8. Table 6 shows the percent wmortality for tne different times of
adnission in relation to the percentage of the toutal body surface .
area that was burned, The mortality ratec were Low and very similar

for the patients with a bvurn of 247 or less of tuvo total vody surface
p y
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akaé. Ew*adaition there was very little difference in the mortality 4 o 4; ’;?~Q
rates for :he patzenﬁe wWith: larger burns, although 15 of ‘the 17 V o |
were admitted from 6 to 23 hours after their injury died. $ne=1owere&,
mortalxty rate for the 491 patients admitted 24 hourﬁ.or moxe: afcer
their inju:y is, due to thg fgct‘that only 3£vbf these—pacients had" - f: é
thé more °evefé4butns ‘wounds, This, in combination with the fact | L
that only 2 of the 75 patients admittea with burns: 1nvolv1ng moxe’
than 65% of their‘body;qurfage,area were éqmittediafgg; one day, either
reflects the immediate ;eferral‘of‘th§ more severely burned natients
to tue Burn Unit without a—significant'deiay in surrounding hospitals
or -communities or the death of these patients prior ‘to their
admission, |
Table 7 lists the LAgg values for tne same patient groups that
contain sufficient numbers of patients for analysis and that were
listed in Table 6, The changes in the LA, values‘relative to the
age of the patient are similar to those noted earlier, but there is
no significant difference relative to the time of admission to the
hospital., The overall probit equations for the admitting times are
shown in Table 8,:and the LAgg values are very similar., This data
shows that the transit time from the place of injury to the Burn Unit
is short for the majority of these patients, that the more severe
burns are probably sent directly to this unit, and that those patients
with the larger burns who arc not brought to the unit shortly after

burning probably do not survive long enough to be brought there later,
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from Figure 5 and by three'nearly equal time periods covereu by this

TN

study. Table Bishows tnis division -and. the aumbers of patlents that
survived for various times in each of these groups.. ‘One; hundred ana v,A
» séven:-of the patients with a. mortality probability of 0 to .4 died

E g!zd «thei@pyqpqrtion ’9,f- '*t,.h,e cases’ ~\,invseauzh of ‘the time *peri.od:s scsx,q;ed :
;that.sﬁrv;vgdwfo;‘S*ér nore -days gs“gsSentiélly.the‘same; ﬂooevegothg
meén‘surY@vaiﬂtime ihwthio gfdop,ofopatients did decrease from an.
average of 32.1 days..during the first 4 years to 21.9 days during the
iast S,yeéts of tﬁis:study; These patients would all have total body
surface area burns of less than 42%, and therefore the change could
probably be due to agsociated injuries, although the information to prove
or dtoprove this ossumotion~isrnotryet available,

There were 130 patients who died that had a high probability of
dying (.5-.9), and the mean survival time for these patients was
essentially unchanged during the time periods covered by this study.
The proportion of patients that survived for 8 or nore days was zlso
remarkably uniform for each time period,

One hundred and eighteen of these patients had a mortality
probability of 1.0, implying only a minute statistical chance for
survival, In the years 1949 through 1952 557% of these patients died
within the first 2 days following their injury, but tbis percentage

fell to 25% for the latter two periods. The survival is¢ nrodually
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Ancreases, and vhereas only 144 and 25% of the patients: seen fron
1349 t6 1952 ‘aid. from 19531657 réspectively survive for §.ox more

~ days §0% of the pa‘::iggts‘; seen: m 195&:3-15'1";9621« survivea for this time \
The fean survival time ii@,r“@a"sﬁed from 3.9 -dédys dn the fiif&'t: time
pertod o 9.7 days dn the latter. =

This data would show that, despiteotherevidence ‘that _tti!efigszé;é‘ ,
all mottality for the burn —p‘éit“iér}t-» ‘has. not: ﬂéecteaéed} progress: has |
‘beet made ini;p*roijo,nging 1ife in the patients with major burnd;

Hortality Rate by Year of Admission

‘The mortality rate was aléo,détgfmihgdqun tﬁg:patigﬁés'aéégggiﬁg
to their year .of adﬂisSion,4these being/divfded intovthe $4m¢'tiﬁa
periods used in Table 9, Theingmber of’pat;gnc§,-the percent of the
total body surface area‘burnéd, and ghézoveraii percentage, moftality
is shown in Table 10, The patients with .0 .to 4% total body surface
area burns had no mortality until 1953, and since that time ounly 14
-of~348”paéients, or a total of approximately 4%, have dieds The
mortality rates for the patients with 15 to 24% and 35 to 44% body
surface area burns has doubled in the last 10 years covered by this
study, and the mortality rates for all of the larger suriface burps
has increased. The overall mortality rate was only 17.2% for the
first 4 years covered by this study, but this had risen to 23.3% for
the last 5 years,

Table II lists the probit equations and the LAsgp values by the
different periods of admission. The LAgy value for the first 4 years
of the study was'44.3%, tut this decreased significantly to 33.27% for
the last 5 years covered by the study (5). This is shown in Figure 9
wherein the probit lines and 95% confidence limits for tnesc years
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“last 5 yéars, although the mortality rate again rose 10 percentage

area. Theseadata show that there has been

" a definite increaae in the mortality rate and an: apparent decrease in tne:

tolerance of the pa f’ tr&ated in this institution to a givensburn
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It isedifficgltito:ac‘g f fo r this changegusing thesextypes of

wT e

R t ;1stical analytes.u A compilation of data presented 1n Table,lO

- > .* b

4revea13 that essentially the<samebpercentage (23 92 19 92 and:

24 22) .of the*admissionswduting the three periodp of time being

'burnedxalthoughxthe'mortalttyurate\:ose for thege.selected%pat;ents>from

61:7% to- 73,2% during this: time. If.the same calculations are~carr1e@i

~out relative. rc«the numbers of. patients admitted with 154 or more

total body surface. area burns the same percentage of admissions had

burns -of this magnitude in both the first 4 years of this .study and the

points, Therefore, the difference in mortality can not be due to any

significant increage in the -numbers of patients that were admitted to

this Burn Unit with larger burns,

o

However the incidence of the patients in various age groups thet
were admitted in theee different time periods did vary significantly,
The incidence of patients aged 0 to 14 years decreased progressively
from 1949-52 (46%) to .958-62 (37%), while the incideuce of patients

aged 45-64 years increased from 11% to 20% (p<.001)*%, The incidence

of patients in the other age groups remained the same., This shift

a

*ATest for significance of difference in proportions,
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Awould therefore affect the overall probit lines and mortality rates :1a

-

celculated according to the year of admission. The differences in
theése value§ufr0m4tne*ﬁirst‘é’yearé‘tc:the=1&st-5fyéars.o£ this:
study are therefore nrobably dueeto a: significant increase in the
-nimber of older patients and’ & decrease 11 theé number of younger |
-patientswadmittedhduring:the~latterwperioda This .direct. relationship

is. presently being analyzed using discriminate fﬁnction analysis.

* Discusston

The present study has been carried out using. the same method of
analysis -as that of’Buil aﬁd~?isher and Pruitt et al in order to
facilitate comparing the mortality rates in lurge numbers of burn
patients treated"rn,3“separatevburnucentersz vCertein gifferegcee
exist in the patient populations, however, and thése could account for.
certain apparent differences in the mortality rates., The series
reported by Bull and Fisher and the present one were composed of civilian
patieuts treatee at different times., The§ likewise do notrpresent
socio~economic data that could be important in view of the effect of
race (or socio-economic status) shown in the present series. The
patients comprising the series reported by Pruitt et al (Brooke
Army Hospital) were highly selected in that they were either military
personnel or dependents, and they were drawn from military bases
scattered throughout the United States and in some instances
foreign countries, In addition a significant number of the patients
treated at Brooke Army Hosplital are transferred (largely by air trans-
port) from other military hospitals after resuscitative therapy has
begun., Those patients that died before they were referred due either

to the seriousness of their injury or a delay in transportation facilities
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have not been included*in theix series. 'Tﬁésexﬁbﬁldﬂbefbthéf Sélectiﬁe

- i c:"’"

”;ptocesses not present 1n the series oF Eull and Fisner oY this one.

The data from these three serles relatlve £6- the mortality rate

- }fcifdifferentwpatient age groups:xs,presented in Table 12, The
*émortality rate for - each group reported by Bull and Fisher is much lower

A 7@than they reported by the Brooke Army*Surgical Pesearch Unit or the

ﬂpresentuseries. lhis table, as: noted does not -have strlctly comvar—
}able age groupings for the Brooke serles due to the ‘method by which their
*data was: presenced and their mortality rate for the older patieats

is cheregoré»nqt’gtr1¢t1y comparable,

'~ The raw mortality rates are strongly influenced by the number of
patients within any series with relatively minor or extremely severe
burn injuries. Therefore, in order to compare these rates more

meaningfully, the,groups of patients with minor burns having little

or no mortality have been excluded, and the results.are shown in

Table 13, It is obvious that a large number of the patients reportéd
by‘Bull-dnd Fisher were admitted to their hospital with minor burns; and
only 515 patients, or 18.4% of their total series, had burns involving

more than 147 of the body surface, Seventy-two percent of the Brooke

series and 554 of t%is series of patients had the more severe burn injuries.
The overall mortality rate for these more severely burned patients re-~
ported by Bull and Fisher increases to 29,3%, somewhat clover to those
reported from Brooke Army Hospital and MCV, The percentage of patients

aged O to 14 years and 15 to 44 or 49 years in each series are fairly

evenly distributed, and without determining the extent i the total body

surface area burn in each series, the MC., mortality rates appear to be

significantly higher.

- e e —————— . —————_ kot
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Table 14 compares éhe LASO,vﬁlues for the total body gurfa;e

area that was bur@ed by age grdu§S‘for~the three series, Both Bull
and Fisher and the Bréoke:Army Hospital series LASO values for the éée
groups 0 to 14 years were statistically significantly higher than MCV's,

‘ Pruitt et al, reporting on the patients treated at the Brooke
Army Hospital, showed that the mortality rate for thgir 0 to 4 year
old patients is higher than-that for the 5 to 14 year old patients,
Figure 10 shows the mortality probit lines for the total bedy surface
area burn for this age group from the three series now being compared,
It is obvious that for burns of more than 25 to 30% of the body surface
area there is a difference in mortality. As noted earlier in Tables
4 and 5 the 95% confidence limits for the LAgy values of the patients
treated at MCV in the O to 4 age group rangéd from 31 to 44%, the latter
being close to the values reported in the other series, The significantly
decreased LAgg values for the Negro females in this age group, and
the overall decreased tolerance to the burn wound shown by the Negro
patients in this series could account for the difference in the LA50
value, Figure 1l reproduces the mortality probit lines for the percent
for the total body surface area that was burned for the 0 to 14 year old
age group, and here the lines representing the patients from Bull and
Fisher and Brooke Army Hospital lie very close, with a significant decrease
in the LAgg value being shown again, and for the same reason, for the
MCV patients, Therefore the patients reported in this series do not
show the significantly increased mortality reported by Pruitt et al for
the 0 to 4 year old age group, although the total mortality for these
younger patients was higher and the LAgy; value was lower than with

either of the other series.

Y
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in addition the Brooke Army Hospital 15 to 49 y.ar old age group
LAsp value was significantly higher than that for the 15 to 44 year
old age group from both MCV and Bull and Fisher, The age group
encompasses most. of the active military personnel, The remaining
LAgg values are essentially the same.

One'ofvthe,pajo: conclusions that can be madi from these data is
that the mortality rate for the burned patient has not significantly
changed dﬁring the 10 years prior to 1962, although there is data
showing, as have others, that the survival time for fatal cases is
increasing significantly., The effect of primary excisior of the burn
wound and/or the use of newer local and systemic antibiotic and chemo-
therapeutic agents on mortality remains un-evaluated at the present time
although the preliminary reports have been encouraging (6).

The probit ty§e~of analysis has certain definite limitations, and
some of these have been j{llustrated in the present series, It is
limited in the studies quoted by the use of only 2 factors to deter-
mine mortality, these being the age of the patient and the percent of
total body surface area that was burned. It is obvious that the total
body surface area burned is not as significant a factor as the area
of third degree burn that is present, but the clinical difficulties
in delineating the area of a secoud degree from those of third degree
burns are well know and actually limit the use of this factor, In
addition there are certain other factors that necessarily have an effect
upon the patient's chance of living or dying. These would include
the presence of pre-existing disease, the occurrence of associated
injuries, and the occurrence of certain post-injury complications,
This type of information is not available using the probit trans-

formation of the raw mortality data, ev-u by grour-ny tue patients

.
-
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according to the different complications that occur, A preliminary
study of the important factors in detexmining letnality in burn patients
has previcusly been presented, (10) and the results have led the
authors to beiieve that the use of a discriminate function type of
analysis is more useful than the use of probit analysis. It is hoped
that other authors will use this type of analysis to study their
patients so that a better understanding of these various factors can

be obtained,

Summary

The present study has presented the results of a probit analysis
of the mortality rate seen in 1831 burn patients treated between the
years 1949 and 1962 at the Medical College of Virginia liospital, The
difference in the mortality rate has been related both to the age of
the patient and to the percentage of the total boay surface area and
the third degree surface area burn suffered by the patient., In addition
an attempt has been maue to show the effects of tiie race and sex of the
patient, the time of admission to the hospital following the burn injury,
and the year of admission on mortality,

The results of this study confirm the relationsnip existing between
the expected mortality and the age and amount of the body surface area
covered by the burn, but, as shown in Table Y, lu7 patients or 29% of
those dying had a less than 507 chance of Jviny according to this analysis,
This is a large degree of error ana the total error in predicting mortality
by this method would be higher if those patients withh a probability of
dying of greater than 5Us who actuallv lived were inclided, fhis
shows a definite nced for a niore accurate mesns to :redict burn

mortality, There was no eftect on moertality dccerdiu to tne tine of
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admission of these patients to the hospitai following the burn, The
race of the patient was found to bie important, but the sex was not,

This datz shows that progress has been made in prolonging the
survival time of those patients that eventually die, but the over-

2ll true mortality rate has remained unchanged, both at this hospital
and in comparison witn othey series.

The LAg value has been found to be a very useful figure to
express the tolerance of a patient or a selected group of patients has
for the burn injury, and these values were significantly lower for
the younger patients treated at the Medical College of Virginia when
compared to those reported by Bull and Fisher and Pruitt et al. The
best survival figures for the middle aged patient has been reported
by Pruitt et al from the series at Brooke Army Hospital,

This data has shown a striking difference between the effects
of second and third-degree burn injuries in that the partial-thickness

injury is rarely lethal.
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FIGURE 1

Probit transformation of MCV mortality data., OSee text
for explanation,
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15-39 yrs.

PROBIT

2 1 1 i 1 J
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FIGURL 2

Mortality probit lines for different age erours related to
the total body surface area burnec.
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FIGURE 3

probit transformation of data for percent of body surface
area involved by thrid degree wound.
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FIGURE 4

Mortality probit lines for 0-4 and 5-14 year old age
aroups with 957 confidence lines,
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FLIGURE 5

Mortality probit line with 95% confidence limits for 15-39

year old age group, and probit lines for 40-44 year old
age froup.
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FIGURE 6

Mortality contours showing the mortality rates for the
different ages and percentage of total body surface burns,
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dortality grid according to age and percent of total
body surface area burned.

<27~
GRID OF APPROXIMATE MORTALITY PROBABILITIES
% Body l Age - Yrs,
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FIGURE 8

Mortality probit lines according to race, sex, and percent of
total body surface area burn.
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FIGURE 9

Mortality probit lines and 95% confidence limits 1949-52
and 1958-62, for the percent of total body surface area burn.
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NO.of PTS. % MORTAL. LA 50
BarF 104 UNKOWN 49.4%
BROOKE 171 17.5 45.1%
MCV 493 1l 35.5%
8 r—
\/& F
7 BROOKE
6
L\. 0-4 YRS.
Q
8 5
Q
4
3
5 I 1 1 1 1
0 20 40 60 80 100
% TOTAL AREA BURNED
FLGURE 10
Mortality probit lines for age group U-4 years for present

series and those reported by Bull and Fisher and Brooke

Army Hospital,
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NO.of PTS. % MORTAL. LA 50

BaF 1366 3.9 49.7 %
BROOKE 238 8.1 48.5%
MCV 769 13.5 39.2%
8
MCV /BaF
%
2 | BROOKE
e

~ 0-14 YRS,
3
Q
4
3
2 ] | i ! |
0 20 40 60 80 iCO

% TOTAL AREA BURNED

piGlen 11

Jdortality probit lines ter a ¢ croeup U~la vears for nrescut
series and tunose rerorted ov sull ang Pisner and oroone
Arayv Losvnital,
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TABIE 1
MCV CLINICAL BURN DATA 164g-14t2
% TOTAL 0-4 ¥8S. G2k YRS, 15-39 YRS. Lo.hY YES. 45.6% YRS, 3% 4 YRS,
Aren No. of|No. off % Ns. oi’ No. of| % No. of|No. of] ¢4 No. oflNo. of] 2 No. of|No. o} ¢ No. of{lic, of
Burned | Fta, |Deaths{Mort.| Pts. |Deaths]Mort. | Pts. |Deaths|¥ort.| Pts. [Deathsi¥ort. | Pts. . Deaths|{Mort.| Pts, |DeathsiMort.
[/ 107 0 o 59 (V] ] 12) 0 V] 27 2 T.k4 ™ 2 2.7 €2 i1 1.1
5.14 232 2 1.3 & D) 0 167 0 [+] 27 1 3.7 e ' s.38 51 2% 0.3
15-24 79 3 3.8] 56 4 7.3 8 3 5.5) 5 0 "] a6 12 304 21 15
25-34 31 12 367 2% 100 .7 37 10 27.01 12 3 21l il [ i 1 200,
AU AN 16 1 &7 12 52.2( 24 11 k5B b L 100. H . e, < ¢ 100,
4554 g 7 T8 T 5  TA) 16 9 5. 2 2 1. 13 13100, t ¢ 100.
5564 1 11 100, ] T T1.8] 15 12 &0} 2 2 100. 5 L Ee. . ¢ 100,
65-Th 2 2 100. 5 4 8.o| 22 10 B3] 3 3 100. 5 5  100. 2 2 100.
75-84 b 1 109. 3 3 100. g g  100. 4 ¥ 100. 1 1 100. 2 2 1100,
85-94 3 3 100, 2 2 100. 13 13 100, 0 0 0 3 L 106. ? 2 100.
G5 + 2 2 100. 2 2 100. 3 3 100, 0 o o 1 1 1100, k L 100,
Totals | Lg3 55 11.1] 276 4 17.7) 505 80 15 8] ©5 2t 2h.7) 22 65 25.0] 1% R
Total No. of Pis: 1831
Total No. of Deaths: 3
Mortality: 20.15%
TABLE 2
MCV CLINICAL BURN DATA - 3pd DEGREE 1GLG.i¢i 2
$3rd DEG. 0.4 YRS, ; 5~k YIS, 15-34 YRS. bo-bl YRS, une YR "o+ YRS,
Aree No. of{No. off ¥ Jo. of|No. of} & No. of|No. of| # No. oflNo. of] No. Ne. of No. =fiNo. of} ¢
Burned Pts. {Desths|Mort.! Pts. |Deaths|Mort. ! Pts. [Deaths|Mort Pra. |DeathojMort. | Pis. jDeaths{Mert.; Prs. {Deathel|Mort.
1k 15¢ 5 3.1 8 0 (4] 154 1 0.¢ 3] ¢ [ “~ L [ = 12 1.0
5-1b 6% 5 1.2 50 3 €.0 7 5 € a4 2 W5.b 7 12 10 K 1 -0
15.24 21 t 28,61 29 T 24.1 33 8§ k.2 1) 2 4W.ol o6 1 e M . 100.
2534 18 12 66,71 22 12 57.1 24 16 6.7 3 310 1 1 100, 12 100.
3544 6 5 83.3 13 9 19,2 9 7 .8 b 3 MW b 5100, ¢ 10C.
k5.sh 1 10 96.% 8 ¢ 75.0 2 & &7 3 5 100. 1 RV U
£5-6l 3 3 .00, b 3 15.0 1 1% 100. 1 1 100. 2 T 4 E 4 0.
574 2 2 10 4 L1, € 8 100, 1 1, ) LI ¥ N 10,
75-84 1 1 100. 1 1100 4 L 100 b b 00 2 S ¢ . P10
65.04 ) b 100. 3 3100, 5 50 [y 0 [ > . 5N Hed
o 0 0 0 i 1100, 2 2 100. 0 [+ 0 e 0 . : AR 9
Totale o9 5% 8.0 20 b4 2.0} W) 7f e th 1y TR I 't EEN . R "7
Total No. of Pts. ¥ith *rd Degree Burms 1307 T o
Toial Ro of Deaths With trd Degree Buras 55¢
Hortelity 27T 5 %
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TABLE 3
EQUATIONS AND LA50's BY AREA BURNED

Age
(Yrs) Total Area LAS50Q 3rd Degree LAS0
34y =1.824 + 0881 x 36.1%  y =2.944 + ,0745 x  27.6 %
5-14 y = 2,638 + .,0569 x 41,5 y = 3.044 + ,0587 33.3
0-14 y =2,131 + 0733 x 39.1 y = 2.924 + ,0673 30.8
1544 y = 2,422 + 0580 x 44.5 y = 2,876 + .0709 x  30.0
40-44 y = 3,131 + ,0488 x 38.3 y = 2,705 + .1125 20.4
40-64 y = 2,963 + ,0638 x 31.9 y = 3,209 + ,0834 21,5
(‘05-6(& y = 2;9145 + 0%63 X 31.0 y = 30310 .0786 21.5
Overall y = 2,894 + ,0571 x 36.9 y = 3,344 + ,0655 25.3

y = Probit;

x = %Arrea Burned
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TABLE &
.éémw om PATIENTS AND zowezh.ﬁ EY Eam AND SEX
NEGRO.'MALES CAUCASIAN FEMALES NLGRO FEMALES
M_ . ZOQ zo. N ZOO \.N
R J of | of of

saths (] Mo¥tal . . Ptss ) Pts. Deaths Mortal } Pts. Deaths Hortal
81 7 8.6 | 125 6 4.8 146 33 22.7

84 13 15.5 44 4 9.1 98 29 29.6

. 166 27 16.3 65 16 24,6 113 17 15.0

144 38 26.4 46 13 28.3 72 16 22.°

| : 4b. 57.1. 1 . 27 16 59,2 54 29 53..

. 552 129 23.4 307 55 i7.9 482 124 25.7
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N
X

AGEL -CAUCASIAN MALE.  NEGRO-MALE  CAUCASIAN: FEMALE - :NEGRO FEMALE %
04 Yrsy 44,23 35.9% 3644%. 31.2% B
0-14, 48,8 374 36.4 335 ) 5
15-39. 48,8 39,5 4650 53,7 0
40-64 39,2 25,2 29,7 25,6, i
65+ 17,4 946 1646 19 o
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) TABLE 6 .
TIME OF ADMISSION POST.BURN

2-5 Hrs. 6-25 Hrs. ) 1D-6D I: 1 Wk, +

‘No.
Deaths | Mort.

NP’.
Pts.

No. No. % No. No, % No. No. *
Pte. | Deaths | Mort. | Pts. | Deaths | Mort. | Pts. | Deaths | Mort.

0-24 |503 22 b.h| 238 17 7.1 |ou 7 6.7} 156 9 5.8 320 10 3.0
25-64 123 T 62.6f112 73 65.2 | 17 15 88.2] 13 8 4. 2 2 100.
65 + | u8 48 100. | 25 23 2.0 | 2 2 100. 0 0 0 0 0 0
Total 676 k7 21.B] 375 115 30.7 | 125 2k 19.5] 169 17 10.0 | 322 15 5.0
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TABLE 8
OVERALL PROBIT EQUATIONS BY TIME OF ADMISSION POST BURN.

TIME OF ADMISSION EQUATTON LAS0

2 Hrs.
2«5 Hrs.
6=23Hrs .,
1-6 Days
1 Week +

0705 x 35.2 %
0517 x 37,4
0828 x 28.9
0604 x 3.1
0578 x 36.8

e
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N O DWW

+ + 4+ + +

¥y = Probit; x = % Area Burned




o AR -~ E- 2 R - - Y T~ o *
= *
P b -~ - - - - - - . R -z
B ,I;: PR R RN S .- - - -- B s e R
- % E- R = 5 - - N N < R
Lo % - - - - - Tl - - P - - et
m»syu%a _§( LTINS T aen 8

X W»‘."W DS T o MR s DT, PO e S s L, BRI e, g Al e

TABIE 9 ) a

53 . L ~ .~ L % v :j
€1 T - o ,-s: T — P ey P e - o N RN S I 2.

f; Morta.lity Ai- T s iR .Mp_ang k- .

_Fram- Grid

Probability 2“

1116531657
115581662

154G=1953 5

22 or g H 1
More Daya :Ca

;i 4,21 G ';Z

al ,aurv* val Do

(Days)°li

e B

© 319

Figksa1952
| 158<1962|

16531957} -

.........

T adhgaigsel 16 T F a0 Gl A
1.0 Jolgsz-lesTl 1 | 22 € 3} Ak 6.7
, 1958-1962' 1 ;6 “ :;Q' t yf - U5 é;gi

‘TABLE. 10.

1953-1951

"¥O. -OF PATTENTS AND MORTALITY ‘BY. YEAR. OF ‘ADMISSION
) 13&9-1952

—

338 oo
W O AEO N

g

( BT

6
16

29

'R
508
4.9
k7.5
16.9

32 1u~ H

h e K 5,
’5"122" A
R )

i
Rty Rl

T -

-“‘.,ﬂsﬁ N

22 e ik

L S SRR ¥ P07



Lo e T

o

- P o, - - e e PR z
P v P R T . - i3 B . LT - Z
Z - - g b . T AL T . &
- - o N R . - A
o I . N .. 3 > A . -t e
g v R R P P R AD S S A SO NO . =
- - - - 1 YR &
‘ - - PROBIT ’EQWIONS* AND:
. v - T Rern prridine, Sugedu-ed o e v it
oo oL s, S T T e T
-7 T e T ;
. . ’ - > PO B “ oo L ke . R
- . L. S .

e L%

DY T

k& :
e 5

et ¥

A

sgr

e T DA TAL b e e o

19581962

4

A

¥ = Probit; x = Area Burned

“TABLE 12

BULL & FISHER

COMPARISON OF PATIENTS AND MORTALITY

BROOKE

Nunber
of
Patignts Deaths

238 43
8o6* 124
S6%* 2

13.5
17.1
23.0
52.1

2807 161

1100 15

20.1

* 15-49 Yrs.

+ ¥Yrs.
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‘I‘ABLE 13
- COMPARISON CF ‘OVERALL "MORTALITY EXCLUDING ‘AREA -GROUPS

WITH 1ESS THAN 1 1/2 % MORI‘ALITY ’

AREA EXGLUDEB |

BULL & FISHER 7

?“,C_V:V

"o
- 15-4k

65. +
, Overe.ll

'b;iu'il""

0-14 %
o-4 %

None

;?MQTtGliﬁYl~,,i“fﬁz

422'»1‘&
25.8.
25.3
h3.7
29. b

" 285.
248
28o%
190,

, M*or*alityf

i3

35.4
39.5
23.0
52.1
36.1

* No A.rea Group Excluded

BROOKE ARMY MEDICAL CENTER

1005

0-14
15-49
50 +

0-10 %
0-10 %
0-20 %

158

605

30
1%

TABIE 14

COMPARISON OF LA50's FOR TOTAL AREA BURNED BY AGE GROUPS

AGE (YRS)

BULL & FISHER  BROOKE MCV

0-1k

15«hk

4o.4 %
46.4

48.5 %
55.8%

Renaining | % o
Age (Yrs) Area Excluded| Pts. Mortality "L :

s
* - : - “ - - -
1o - -
1 - - - -
=
- - P
%g—,n;»‘n-,_ B R T U O P O R S S R 2 s
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45«64
65 +

2701
10.1

29.0%*

* 15-49 Yrs,
# 50 + Yrs.
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